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Abstract 
This work presents the construction of supramolecular systems formed by the modification of carbon paste electrodes, CPE, with 
multiwalled-carbon nanotubes,  MWCNT, and b-cyclodextrin, CPE/MWCNT/ E-CD, a novel conducting polymer produced by 
electrochemical polymerization of E-CD, CPE/poly-E-CD and another formed with MWCNT, E-CD and poly-E-CD, 
CPE/MWCNT/ E-CD/poly-E-CD. With these modified electrodes, analyses were performed to understand the effect of such 
surface modifications on the electrochemical response of the analyte dopamine, which was surface-immobilized through 
formation of the said inclusion complex, as evidenced by the adsorption process that controlled the overall reaction rate of the 
oxidation process. Moreover, it is shown that the heterogeneous rate constant, k0, of Dopamine oxidation is highly increased in 
the presence of poly- E-CD.  
© 2014 The Authors. Published by Elsevier B.V. 
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1. Introduction 
In recent years, it has come to the attention of many researchers the need to develop electrochemical methods 
using modified electrodes, for achieving selectivity to a specific analyte. Furthermore, miniaturisation is an 
important requirement to this purpose, for providing in situ analytic procedures at affordable rates. Such features 
require that the constructed electrodes present high sensitivity and selectivity, enough chemical stability and capable 
of giving elevated reproducibility rates, still at low costs. The search for an economic aggregation of these 
characteristics into an efficient item, has led to modification of graphite electrodes1 coupled to diverse materials 
such as polymers, enzymes2,3 or surfactants to take advantage of the non-covalent bonding that these molecules can 
form upon interacting with different analytes. Supramolecular chemistry4,5 examines the weaker and reversible non-
covalent interactions between molecules. These forces include hydrogen bonding, metal coordination, hydrophobic 
forces, van der Waals forces, SS interactions and electrostatic effects. Some of the most important concepts that 
have been demonstrated by supramolecular chemistry comprise molecular self-assembly, folding, molecular 
recognition and host-guest chemistry. For instance, the latter describes complexes that are composed of two or more 
molecules or ions held together in unique structural relationships by hydrogen bonding or by ion pairing or by van 
der Waals forces other than those of full covalent bonds. The host component is defined as an organic molecule or 
ion whose binding sites converge in the complex and the guest component is defined as any molecule or ion whose 
binding sites diverge in the complex. In recent years, the application of this kind of supramolecular complexes has 
proved to be one of the approaches to generate new materials with specificity of chemical sensing or recognition. 6-8 
Cyclodextrins, CDs, composed of six, seven, or eight d-glucopyranose units, are called D-CDE-CD and J-CD 
respectively. 9 CDs possess truncated cone-shaped hydrophobic cavities, which are capable of binding various 
organic, inorganic, and biological molecules with suitable polarity and dimensions to form stable host-guest 
inclusion supramolecular complexes. 10–15 
Fragoso et al.,16 developed a novel strategy to detect Dopamine (DA) in the presence of Ascorbic acid (AA), at 
pH 7.0, that consists of the modification of gold electrodes with a mixed monolayer of ECD and thioctic acid (TA). 
They claim that this provides the electrode with a molecular recognition motif (the CD) in addition to the 
electrostatic attraction of the TA. Moreover, Fragoso et al.,16 assumed from literature data,17,18 that CD forms 
stronger inclusion complexes with DA than with AA (KDA ~ 2000 M-1 17, KAA = 130 M-1 14), thus its presence in the 
monolayer in combination with TA increase the selectivity and sensitivity for the DA determination by inducing a 
cooperative effect based on simultaneous electrostatic and host–guest supramolecular interactions. However, even 
when this is clearly a good idea, the values of the apparent constant (K) mentioned by Fragoso et al.,16 are wrong 
since as one could see in the original references 17,18 the apparent KAA value is (2900 ± 200) M-1 at pH 6.9 17 and KDA 
for DA is not reported in reference.18  
Since the discovery of multiwalled-carbon nanotubes, MWCNT, in 199119, these have been used to create and 
modify electrodes, 20-22 because this material display usable features, such as elevated electrical conductivity and 
chemical stability. The results obtained using electrodes modified with MWCNT show advantages with respect 
catalytic activity, in particular, the works involved with the study of biologically interesting molecules 23 such as 
dopamine, DA. In this same context, if the carbon nanotubes are modified with cyclodextrins, it is possible to obtain 
new materials simultaneously possessing unique properties of the nanotubes and cyclodextrins, which provides 
opportunities for applications in the fields of sensors, luminescence and electronics, among others. 24-27 The 
electrochemical behavior of sodium cholate and deoxycholate on ITO electrodes coated with β-cyclodextrin, 
modified MWCNT–CDs by cyclic voltammetry in aqueous solutions was studied. It is demonstrated that MWCNT–
CDs showed excellent electrocatalytic effects on the reduction of cholate, whereas the introduction of β-CD 
enhances the selectivity of the electrodes to cholate and deoxycholate.24-27 Our group has shown that using 
cyclodextrin, in the presence of carbon nanotubes, makes it possible to enhance host-guest electrochemical 
recognition of DA at pH 7. 28 Britto et al., 29 have also reported that the use of MWCNT improved the reversibility 
of the DA’s oxidation process, which facilitates its determination, however, the biggest problem to be dealt with has 
to do with interference from the ascorbic acid, AA, 30,31 because, as is well known, both species DA and AA, have 
nearby oxidation potentials, which leads to troublesome signal overlapping. 32  
On consideration of the aforementioned properties, the present work studies the electrochemical behaviour of DA 
and AA, at pH 3, by means of cyclic voltammetry, CV, and differential pulse voltammetry, DPV, using the 
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following working electrodes: an unmodified carbon paste electrode, CPE, a CPE modified with MWCNT, a CPE 
modified with E-CD, and a CPE modified with both, MWCNT and E-CD. Subsequently, the analytic determination 
of the DA in the presence of AA is carried out with the modified electrodes that effectively separate the signals, and 
the optimization of the experimental conditions is effected in order to obtain the best analytic parameters, such as 
detection limit, sensitivity and linearity range, to enable their application to a real sample.  
2. Experimental conditions  
2.1. Reagents and chemicals 
DA, AA, NaCl, HCl, HClO4, H2SO4, and E-CD, solutions were prepared from Merck analytic grade reagents, 
where the HCl acid (37%) was used to adjust the pH to 3.0. The multiwalled carbon nanotubes (MWCNT), (0.5-200 
μm) were obtained from Aldrich (Stenheim, Germany) and contains 95% MWCNT. All solutions were prepared 
with deionised water Type I having 18.2 M:cm resistivity, free from organic matter obtained from a US Filter 
PURE- LAB Plus UV. The solutions prepared were deoxygenated with nitrogen and freshly prepared prior to each 
determination. Also, they were protected from the incidence of light even during the performance of the 
experiments.  
2.2. Instrumentation 
The electrochemical experiments, namely CV and DPV, were carried out with the aid of a potentiostat-
galvanostat Autolab PGSTAT 30. A typical three electrode cell was used where the working electrode was an 
unmodified carbon paste electrode, CPE, prepared by mixing the Johnson Matthey 1 Pm, 99.9% graphite with nujol, 
further details are given elsewhere by Ramirez-Silva et al. 33, 34, or modified with different substances, see below. A 
platinum wire (BAS MW-1032) was the counter electrode, while saturated Ag/AgCl (BAS MF-2052) was the 
reference electrode, against which all potentials E reported in this work were measured. All measurements were 
carried out at (25 r 1) °C. Potential amplitude in all DPV experiments was 50 mV. 
2.3. Fabrication of the working electrodes. 
2.3.1. CPE modified with MWCNT 
In order to eliminate metal impurities the MWCNT were dispersed in 2M nitric acid solution during 24 h at 25 
°C, and washed afterwards with deionized water to neutrality and finally dried in accordance with the procedure 
outlined by Pérez et al. 35 The MWCNT were observed by scanning electron microscopy, JEOL JSM-6300 (SEM, 
JEOL LTD, Tokyo, Japan) with an X-Ray Energy Dispersive Spectrometer (EDS) (Link ISIS-200, England), to 
evaluate the amount of impurities from their synthesis, before and after washing with HNO3. It is important to 
mention that MWCNT are insoluble in HNO3, this was used solely to functionalize them by forming carboxile 
groups. 1 mg of MWCNT was ultrasound-dissolved in 1 mL of concentrated +SO4, the MWCNT are easily 
dissolved in such concentrated strong acid facilitating thus their dispersion on the electrode surface. 50 μL of this 
solution were placed onto the CPE surface. The electrode was left during 30 min to be dried at 100 ºC and after that 
washed carefully with small portion of deionized water before used. The modified electrode was kept at room 
temperature when it is not used. 
2.3.2. CPE modified with poly-E-CD  
E-CD was electrochemically polymerised on the CPE surface from a 1 x 10-2 M E-CD solution in HClO4 1 M, as 
described by Roa-Morales et al. 36, by using a successive program of 10, 20 or 30 potential cycles within the 1.3 to -
0.8 V range at 0.1 V s-1 scan rate, starting at the null current potential (Ei = 0) = 0.24 V in the anodic direction, 
inverting the potential scan when the oxidation limit was reached, to begin then with the cathodic sweep. 
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2.3.3. CPE modified with MWCNT and E-CD  
The solution containing both MWCNT and E-CD was prepared by suspending 1 mg MWCNT in 1 mL E-CD 2%, 
as described by He et al. 37. The MWCNT were previously treated as described by Alarcón-Angeles et al. 28. 50 PL 
of the suspension were laid as drops over the surface of the CPE and the electrode thus prepared was left to dry at 60 
°C for 24 h. 
2.3.4. CPE modified with MWCNT, E-CD and poly-E-CD 
A CPE modified with MWCNT and E-CD obtained in 2.3.3 was immersed in the E-CD 1x10-2 M solution in 
HClO4 1 M to polymerise the E-CD such as described in 2.3.2. This electrode is termed CPE/MWCNT/E-CD/poly-E-CD. For the sake of clarity, it should be added that during the rate studies the capacitive current was subtracted 
from the analyte’s studied response by eliminating the blank response. 
3. Results and discussions  
3.1.  Determination of the DA in the presence of AA using a bare CPE 
Figure 1a shows the experimental DPVs recorded in the system: CPE / 1 mM AA, 0.1 M NaCl (pH = 3.0) and 
different [DA]. It becomes possible to observe that the AA signal maximum is located at 450 mV, see plot (a) in 
Figure 1a, which is practically [DA]-independent, though when the [DA] increased in the system, an increment of 
the signal is recorded in the 550 to 800 mV potential range, corresponding then to DA oxidation, particularly when 
[DA] > 0.3 mM a well resolved peak is recorded at ca. 600 mV. Figure 1b shows the DPV plots that result when the 
AA contribution is subtracted. From this figure it was obtained the calibration plot, see inset in Figure 1b, from 
which a DA sensitivity of (1.145 ± 0.013) Am-2 mM-1 and a detection limit of (14 ± 24) μM was calculated. This 
sensitivity value is quite low while the error associated to the detection limit is very high. This shows that a low 
[DA] cannot be adequately determined in this system because the DA signal overlaps that of the AA and the 
resulting peak is naturally, the combination of both contributions. 
 
 
Fig. 1.a) Experimental DPV plots recorded in the system CPE / 1 mM AA, 0.1 M NaCl (pH = 3.0) and different [DA]: (a) 0, (b) 0.03 (c) 0.12 (d) 
0.20 (e) 0.30 (f) 0.40 (g) 0.50 mM, at 20 mVs-1 potential scan rate. b) Same DPV plots without AA contribution. The inset shows the variation of 
the jap of the DPV as a function of [DA]. Points correspond to the experimental data while the line is the result of the linear fitting procedure.  
3.2. Determination of DA in the presence of AA using CPE / poly-E-CD 
Figure 2a shows the DPV’s of the system CPE / poly-E-CD (after applying 10 voltammetric cycles) / 1 mM AA, 
NaCl 0.1M, at pH = 3.0, with different [DA]; the PDA was located at 453 mV while that for the AA was found at 
231 mV, thus, peak separation was 222 mV. Figure 2b depicts the calibration plot recorded in this system. The 
statistical analysis of the calibration plot presented in Figure 2b revealed the following expression for a straight line 
with its associated uncertainties: DAPj  (A m
-2) = (14.83 ± 0.18) Am-2 mM-1 [DA] + (0.003 ± 0.001) A m-2, correlation 
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coefficient 0.9987. From this equation a sensitivity of (14.83 ± 0.18) Am-2mM-1 and detection limit (4.1 ± 0.1) PM 
were obtained. 
 
 
Fig. 2. a) Family of DPV of the system CPE / poly-E-CD (after applying 10 voltammetric cycles) / 1mM AA, NaCl 0.1M (pH = 3.0) with 
different [DA]: ((a) 0, (b) 0.02, (c) 0.03, (d) 0.04, (e) 0.50, (f)0.08, (g) 0.12 mM. In all cases the potential scan rate 20 mVs-1. b) Variation of jpDA 
as a function of [DA] obtained from plots shown in (a). The line corresponds to the linear fitting of the experimental data (z). 
With these results it is possible to establish that modifying the CPE with poly-E-CD, gives rise to a proper signal 
separation of the DA respect to the AA, which was not possible with the bare CPE, neither with the MWCNT-
modified CPE. Nevertheless, it is worthwhile to underline that the use of MWCNT favours DA oxidation. Then, 
modifying the CPE with MWCNT and E-CD to render the electrochemical properties of the former and improve the 
selectivity of the latter is taken as the basis to compose an electrode capable of improvement to separate even further 
the said DA and AA signals. 
3.3. Determination of DA in the presence of AA using CPE/MWCNT/E-CD 
Figure 3a shows the DPVs of the system CPE/MWCNT/E-CD/ 1 mM AA, 0.1 M NaCl, (pH = 3.0) for various 
[DA], where two oxidation peaks are displayed, one at 212 mV corresponding to AA oxidation, PAA, and the second 
at 433 mV, which is associated to DA, PDA. The peak separation was 221 mV, which was greater than that obtained 
when the analysis was done separately. Figure 3b shows the calibration plot obtained for this system where there is a 
clear linear tendency within the [DA] range from 0.01 to 0.13 mM, with a correlation expression given by jpDA (Am-
2) = (14.71 ± 0.81) Am-2 mM-1 [DA] + (0.147 ± 0.033) Am-2 and a coefficient r2 = 0.9921. From these results the 
following analytic parameters were obtained: detection limit of (5.7 ± 0.3) PM, sensitivity = (14.71 ± 0.81) Am-2 
mM-2.  
 
Fig. 3 a) Experimental DPV recorded in the system CPE/MWCNT/E-CD/ 1 mM AA, 0.1 M NaCl, (pH = 3.0) for various [DA]: (a) 0, (b) 0.02 (c) 
0.05 (d) 0.08 (e) 0.01 (f) 0.14 (g) 0.16 (h) 0.2 mM. In all cases the potential scan rate was 20 mVs-1. b) Variation of jpDA as a function of [DA] 
obtained from plots shown in a). The line corresponds to the linear fitting of the experimental data (z) 
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So far we have shown that when a CPE is modified with a conductive polymer of E-cyclodextrine, DA can be 
electrochemically even in the presence of AA, one of its major interference. Recently 39,40 we have also shown that 
using this electrode both DA 39 and AA 40 electrochemical oxidation were adsorption-controlled processes due to  
formation of a strong inclusion complexes among E-CD, DA and AA. Therefore, the formation of this 
supramolecular complex allows the selective and appropriate electrochemical quantification of DA.  
4. Conclusions 
Supramolecular systems have been developed based on carbon paste-modified electrodes with multiwalled carbon 
nanotubes, E-cyclodextrine. These electrodes were used to study the quantitative determination of dopamine with 
and without ascorbic acid present in the same solution. It was found that when a CPE is modified with a conductive 
polymer of E-cyclodextrine, dopamine can be electrochemically determined in both cases.  
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